Plant microbiota -Similar to human microbiota, in plants, microbial communities thrive in tissues and on organ surfaces (e.g. in the rhizosphere and phyllosphere), cooperating in key metabolic processes and creating a network of mutual relationships. To date, most research on plant microbiota has focused on bacteria, identifying dominant communities of Actinobacteria, Bacteroidetes, Firmicutes, and Proteobacteria. However, eukaryotes such as fungi, with lifestyles ranging from mutualism to parasitism and commensalism, also make up key components of the plant microbiota.
including the basal groups of liverworts and mosses (12) . These discoveries have revolutionized our view of strigolactone signaling: their function in the rhizosphere suddenly appearing to be a secondary feature relying on their leakage from the roots into the soil (13) . Thus, ten years after the seminal studies by the Akyama (8) and Bécard (9) groups, emerging data suggest that strigolactones function as conserved determinants of plant development that were recruited during the evolution of plant symbiotic and parasitic interactions.
Despite this emerging interest, our knowledge of strigolactone perception by AM fungi remains very limited. Besserer et al (9;14) demonstrated that strigolactone perception boosts fungal metabolism, leading to increased ATP production and mitochondrial division. Preliminary data from RNA-seq of germinated spores of the AM fungus Gigaspora margarita treated with the synthetic strigolactone GR24 confirm the upregulation of mitochondrial genes (A. Salvioli, P.
Bonfante et al unpublished results). Interestingly, strigolactone treatment also induced the proliferation of G. margarita endobacteria (15) . Furthermore, by introducing the calcium sensor TAT-aequorin in the same fungus, Moscatiello et al (16) demonstrated that GR24 causes a rapid calcium transient in the fungal cytoplasm. Finally, GR24 treatment of G. margarita and (17) increases the release of short chito-oligosaccharides, pre-symbiotic fungal signals, as discussed below.
Rhizophagus irregularis
In short, recent data suggest that AM fungi perceive strigolactones through a calcium-mediated pathway and activate multiple responses involving fungal cell wall-related metabolism (hyphal branching and chito-oligosaccharide production), and mitochondrial and endobacterial activity.
However, fungal strigolactone receptors remain unknown and analysis of the R. irregularis genome (18; 19) and G. margarita transcriptome (A. Salvioli, P. Bonfante et al., unpublished results) have not revealed the existence of fungal homologs of the known strigolactone receptors in plants (11) . Thus, we can only conclude that fungal and plant strigolactone receptor proteins likely differ in structure, which opens the possibility that AM fungi independently evolved strigolactone perception mechanisms.
Recent work identified cutin monomers as plant signals that have a key role in the AM dialogue (Fig. 2) . These hydroxylated aliphatic acids are proposed to be released on the root surface as a necessary signal for hyphopodium differentiation from presymbiotic AM fungal hyphae (20; 21) .
Direct evidence showed that hyphopodium development requires the function of RAM2, a M. truncatula glycerol-3-phosphate acyl transferase involved in hydroxylated aliphatic acid biosynthesis, and is enhanced by the application of exogenous cutin monomers.
Cutin polymer is the major component of the cuticle, the waxy coating of aerial organs in land plants: cutin also has a well-known role as a signal to pathogenic fungi that attack leaves, stems and fruits (22) . A novel role for this hydrophobic molecule in a hydrated, underground environment such as the root surface may sound surprising. On the one hand, this suggests the existence of unpredicted similarities between symbiotic and pathogenic interactions, independent of the target organ (23); on the other hand, the fact that all plant clades that produce cutin (from liverworts to angiosperms) also develop AM interactions (6) is a suggestive coincidence. So far, however, no evidence points to a direct relationship between hyphopodium development and the presence of cutin monomers on the root epidermis wall (24) concentration with a characteristic profile. They also showed that GSE did not trigger the production of reactive oxygen species, a typical response to exudates from pathogenic fungi.
Also, nitric oxide accumulates in the first minutes after GSE application to M. truncatula roots (26) and GSE triggers nuclear Ca²⁺ spiking with the same timing (27) . The first analyses of plant gene regulation showed that Enod11, a M. truncatula nodulin expressed in legume roots during early nodulation, was also upregulated in response to diffusible fungal signals (28) . In this case, the experimental setup did not allow a precise timing of this response, but in a later work, Maillet and coworkers (29) showed that 30 h treatment with GSE triggered Enod11 expression.
On a longer time frame, the perception of diffusible fungal signals induces reallocation of sugars within the plant, with the accumulation of starch in the root system (30) . The most recent studies identified secreted molecules that are supposed to play a role in fungal signaling to the host plant. These include (Fig. 2) , lipo-chito-oligosaccharides (LCOs; 29) andchito-oligosaccharides (COs; 17). These molecules trigger GSE-like responses in the host roots, including Ca²⁺ spiking (17) , and the regulation of symbiosis-related genes (29; 31).
An interesting aspect of fungal signaling is that LCOs and COs both have structures closely related to chitin. This raises the question of whether the production of such molecules occurs as a direct by-product of fungal cell wall biosynthesis or evolved from it via the generation of specific metabolic pathways. In either case, molecules related to fungal cell wall biogenesis play a role as inter-kingdom messengers that only AM host plants recognize as symbiotic signals (17) .
The idea that AM fungal signaling is based on chitin oligomers raises a critical specificity issue: since all fungi produce N-acetyl-glucosamine chains of various lengths, how can plants identify each fungus and raise the appropriate response, discriminating between a symbiont and a pathogen? As a further complication, the major rhizobial signals, the Nod factors, have a striking structural similarity to LCOs, including the same N-acetyl-glucosamine backbone (32) . 
